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Appendix C oriented at an angleaj with respect to the +x- and
Derivation of the General Wedge y-axes. A posit.ive value ofq is a cou'nter-cloclzkwise
Equation rotation; a negative value oft is a clockwise rotation.
The equations for sliding stability analysis of a general \:-;.f_'\
wedge system are based on the right-hand sign conventio TOP OF THE TOP OF THE
that is commonly used in engineering mechanics. The| .1 wepGe i"MWEDGE  Yin1
origin of the coordinate system for each wedge is located . 1
in the lower left-hand corner of the wedge. The x- and K' TOP OF THE
y-axes are horizontal and vertical, respectively.  Axes {i-1**) WEDGE

: *y,
that are tangent (t) and normal (n) to the failure plane are ']1
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. Figure C-2. Geometry of the typical i ™ wedge and
1 +x adjacent wedges
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NEGATIVE ROTATION Figure C-3. Distribution of pressures and resultant
OF AXES forces acting on a typical wedge

Figure C-1. Sign convention for geometry
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Figure C-4. Free body diagram of the i
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Equllibrium Equations
IF, =0

OUN;*U'-'W;COSG;-Vl‘COSﬂi-HuSiﬂﬂi"'HRI-S'IIIO'.;"'"
--'-i_lsina,--rP,—sina,—

N; = (W + Vi) cos 0 - U; + (Hy - He sin o + (Pieg - P} sin o

IF, =0
0=-T,-W;sina -V, sino; +Hjcosq - Hpeosog+°"°
°"+P,-_1cosu‘--P.-cosul—

T; = (HL,- - Hp;) cos o; - (Wl- + V,-) sin o; + (P,-_l - P,-) cOs O

Mohr-Coulomb Fallure Criterion

Tp = N;tan §; + ci;

Safety Factor Definition

s JTp _Nowan g +cky
7 T;

L]

Figure C-5. Derivation of the general equation (Sheet 1 of 3)
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Govarning Wedge Equation

FS, = {(W" * Vr‘) cos o; - U; + [(HLx - ka) + (Pi-l - Pi)] sin ﬂf} tan §; + cL;

[(Hu - Hp) +(Piq - P a)J cos a; =~ (W; +V,) sin o

(P-_l - P,—{oos o; - sin Tm ?i ] - [(W,- + V,-) cos o; ~ U; + (Hu - HR:‘) sin u.,-] Tm T" +00 e

"*;Si;f.'- -(HL;-HR;)OOSGid-(W'-*Vi)ﬂDG,-

[(w,- +V;) oos a; - U; + (Hy; - Hy,) sin a,-] %ﬁi ~ {8y - Hy;) cos o; + (W; + V) sin o + .;;. L

(Pl’-l -F i) -
COB a,- - Bin 0'.,- wn ¢i
73;
NOTE: A negative value of the difference (P, ; - Pi) indicates that the applied forces acting on the it

wedge exceed the forces resisting sliding along the base of the wedge. A positive value of the
difference (P;; - Pi) indicates that the applied forces acting on the i wedge are less than the
forces resisting sliding along the base of the wedge.

Figure C-5. (Sheet 2 of 3)
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Solution for the Safety Factor

The governing equation for (P, ; - P;) applies to the individual wedges

[[W + V) cos & - U; » (Hy; - Hp,) smo.]_pg_.. {H

-Hm)onsa +(W +V)sma. +W i

{Pioy -2} =

L wmay
cosa,-—sma,-_rsi_

For the system of wedges to act as an integral failure mechanism, the safety factors for all wedges must be
identical

FS;=FS;=-+ =FS; =FS;=FS;,; = FSy

N = Number of wedges in the failure mechanism

The actual safety factor (FS) for sliding equilibrim is determined by satisfying overall horizontal equilibrium
(ZFy; = 0) for the entire system of wedges

N
E:‘:-l (Pl'-] -P") ’0

And: POID PyED

Usually an iterative solution process is used to determine the actual safety factor for sliding equilibrium.

Figure C-5. (Sheet 3 of 3)
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Figure C-6. Free body diagram of the i ™ wedge with anchor

The free body diagram above varies from that shown in
Figure C-4 in that the above free body diagram contains
an anchor force “A oriented at an anglef3; with the
vertical. The equilibrium equations and governing wedge
equation on the following pages will include this anchor
force.
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Equilibrium Equations
+N +Y
™ IF, = 0
O=N;+ U, - W; cos a; = V; cos @; - A; cos (B,- +d.-} - Hy; sin o; » Hg, sin o; - Py sin @; + P, sin o
N; = (W; « ;) cos &; + A; cos (B; + o) - U, «{Hy - Hp;) sin o; + [Py - P;) sin a;

+t
F, = 0

+X 0--—T,--W,-sinu,- mVisinu,-+Humsui-—Hmcosai+Pi_1cosmi -P,-oosal-—A‘- sin(ﬂ,--l-a,-)

T;= (HL.' - Hn:) 08 O; - lW.' + Vi) sin O; *’[Pi-l - P.‘) cos o ~ A; sin (5.' + "-i)

Mohr-Coulomb Fallure Criterion

TF -Nilanq},- +ciLi

Safety Factor Definition

FS;=Tp /T; = (N;tam ¢; + c;L) 1 (T3)

Figure C-7. Derivation of the general equation for a wedge containing an anchor force (Sheet 1 of 3)
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Governing Wedge Equation

(W; +V;) cos @; + A; cos (]5,- + 0‘-,-) -U; + ({Hu ~Hpy + Py = P,')) sin 0‘-,'] tan §; + ¢;L;

FS; = [
[Hy: - Hg) + (Pizy - P)jcos o - (W; + V) sin o - A; sin [B; + )

(Pl—l -Pi){cosu.i-tinﬂ., 'm¢i fFSi]-
[(W, ‘PV‘-) Cos O *'A;WB(ﬁi '*U.l-) - U'- *(HL‘ -Hm-)sinn,-]tmt,-,‘FS,-'”
I _(Hu-Hm)cosu,--t(Wi+Vi}sinui+Aisin(Bi+u.,~)+ciL,-lFS;

‘Pi)‘ [(W,- +V,-)cosa,-+A,-cos(ﬂ,-+u'-)-Ul. +(H“-Hkl-)sinu,-]tan¢‘-”?s'.”

Piy
( cos u,-—(sin u,-tandr,-lFS,-)
"(HU —Hﬂf) cos o + (W‘- + V,—) sin o; ""AI' sin (8, +al') + C'L".{FS'
L
cos o; - (sin @; tan §; / FS;)
NOTE: A negative value of the difference (P, ; - P;) indicates that the applied forces acting on the i

wedge excead the forces resisting sliding along the base of the wedge. A positive value of the
difference (P; , - P, indicates that the applied forces acting on the i wedge are less than the
forces resisting sliding along the base of the wedge.

Figure C-7. Derivation of the general equation for a wedge containing an anchor force (Sheet 2 of 3)
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Solution for the Safely Factor
The govemning equation for (P, ; - P) applics to the individua) wedges

[(W +V;)oos o + A; co.s(ﬂ +a) U; +(HL‘-HR,)sma]tm¢ ! FS,;
cos a; - {sin &; tan &, / FS;)

(Piy -

-(Hp; - Hp) cos o, + (W, +V; ) sina; + 4, sin (ﬂf + “.') + &L | FS;

cos o; ~ (sin o; tan §; / Fs,‘)

Using the above governing equations for (P, , - P)) for wedges that may contain anchors, the solution for the
safety factor is calculated as shown in page C-5.

Figure C-7. Derivation of the general equation for a wedge containing an anchor force (Sheet 3 of 3)

Note: Solutions of factors of safety and forces on free

bodies determined by the above equations, or by computer
analyses should be verified by an independent method of
analysis. Vector diagrams may be used to check the
results graphically. In multi-wedge analyses, consider-

ation should be given to the stress-strain compatibility of

different rock materials on the failure plane.



